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high  grain  growth  (about  twelvefold),  some  drop  In  strength  and  a marked 
reduction  In  the  plastic  properties  of  the  metal  In  the  superheated 
zone. 

The  objective  of  this  study  was  to  establish  the  relationship 
of  the  hardness  and  the  pattern  of  structural  transformations  in 
the  metal  of  the  weld-affected  Zone  during  either  argon  or  flux- 
< shielded  welding  of  20-30mm  thick  alloy  3.  The  effect  of  energy  per- 
‘ unit  length  on  both  the  structure  and  hardness  of  the  metal  In  the 
weld-affected  zone  during  slngle-and  four-bead  deposition  by  argon 
arc  welding  using  tungsten  and  comsumable  electrodes,  and  single  and 
four-head  deposition  by  automatic  AN-T3  flux-shielded  welding.  The 
welding  specifications  of  all  experimental  specimens  are  shown  in 
Table  1. 


Welding  Specifications 
for  Experimental  Specimens  Table  1. 


Legend : 

1.  specimen  marking  6.  arc  voltage, 

2.  filler,  electrode  wire  7.  welding  speed,  m/hr 

3.  number  of  passes,  layers  8.  linear  energy  kcai/cm 

welding  mode  J-  protection  system 

5.  welding  current,  amp  10.  tyngst|nf^j^ctrode 


11.  same 

”•  5HmsJec,ro?e’ 

13.  Vt-1  electrode  wire 
'*•  A-grade  argon 
15.  AN-T3  flux 
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To  determine  the  mlcrohardners,  microsections  of  all  the  plates 
were  treated  with  hydrofluoric  acid.  The  microsections  were  then 
used  for  studying  the  structure  of  the  weld  metal  (both  with  bead 
disposition  and  those  without  the  use  of  filler  layer),  the  metal  of 
the  heat-affected  zone,  and  the  base  metal.  Those  with  bead  disposition 
using  various  energy  per-unit  length  values,  were  used  for  determining 
the  width  of  the  heat-affected  zone;  the  microsection  pattern  was 
magnified  using  an  epidiascope.  Changes  in  the  hardness  of  the  weld-affected 
zone  metal  as  a function  of  energy  per-unit  length  of  the  experimental  beads 
were  determined  from  microhardness  measurements  made  using  a PMT-3 
device  for  a lOOg  load  and  Vickers  hardness  measurements  by  a TP  device 
using  a 10  kg  load. 


5000  q„.Kanfcm  Cal/Cfn 


Fig.  1.  Width  of  heat-affected  zone  as  a function 
of  energy  per-unit  length. 

Argon  arc  welding  by  tungsten  electrode: 

A - single-bead  deposit,  + four-bead; 

Argon  arc  deposit  with  filler;  O - single-bead; 

B - four-bead;  automatic  flux-shielded  deposit; 
O - four-bead;  B - three-bead. 


Changes  In  energy  per  unit  length  within  the  test  limits  from  260  to 
5500  cal/cm  widens  the  overall  width  of  the  heat-affected  zone  from 
0.6  - 0.8  to  2.5  - 3 mm  (Fig.  1).  The  widening  of  the  heat-affected 
zone  is  most  noticeable  after  an  increase  In  energy  per-unit  length 
from  Its  minimal  values  to  800-1000  cal/cm.  With  a further  increase 
in  energy  per-unit  length  the  widening  of  the  heat-affected  zone  is 
much  slower. 


The  magnitude  of  energy  per-unit  length  in  welding  affects  both 
the  structure  of  the  weld  metal  and  that  of  weld-affected  zone. 


A study  on  the  metal  in  the  weld  made  with  a minimum  of  energy  per-unit 
length  of  260  cal/cm  revealed  rather  fine  grains  of  the  primary  B-phase 
along  the  boundaries  of  which  there  were  grains  of  the  Ofrphase  (Fig.  2, a). 


Inside  the  grains  there  was  fine  needle-shaped  martensite  of  the 
Otr-phase.  As  the  energy  per-unit  length  is  increased  to  2400  cal/cm 
for  AN-T3  f lux-shielded  welding  the  primary  grain  size  of  the  B-phase 
markedly  increases.  The  weld  metal  grains  are  elongated  (Fig.  2,b); 
along  the  primary  grain  boundaries  there  is  the  d-phase;  the  Otf-phase 
is  of  coarse,  martensitic  structure  (Fig.  2,c). 


To  determine  the  effect  of  energy  per-unit  length  on  the  grain 
size  of  the  metal  in  the  weld-affected  zone  the  authors  made  a 
metal  log raphic  study  of  the  microstructure  using  small  magnification 
(x50) . Fig.  3 is  a photograph  of  sections  of  the  heat-affected  zone 
near  the  specimen's  fusion  boundary  (Table  1).  For  minimum  linear 
energy  (specimen  l),  the  fusion  boundary  shows  sections  of  d--phase 
and  fine  grains  ofOt-phase.  An  increase  in  energy  per-unit  length 


Fig.  2.  Microstructure  of  weld 
metal  and  the  weld-affected  zone  x 100: 
a - specimen  #1,  transition  zone; 
b - specimen  #9;  weld  metal; 
c - specimen  #3,  heat-affected  zone 


Fig.  3>  Microstructure  of 
the  heat-affected  zone  near 
the  fusion  boundary  x 50. 


markedly  Increases  the  grain  size.  At  maximum  energy  per-unit  length 
(Specimen  12),  nearly  the  entire  visual  field  is  taken  up  by  one 
primary  grain  of  the  ||-phase,  along  the  texture  of  which  there  are 
fairly  fine  grains  of  Ct-phase  and  CC7-phase,  both  having  a coarse 
martensitic  structure. 

Fig.  4,  a is  a diagram  of  measuring  the  microhardness  of  the  weld 
metal  and  the  weld-affected  zone  metal.  The  microhardness  was  determined 
on  microsection  that  were  machine-polished  and  then  chemically  etched 
in  concentrated  hydrofluoric  acid.  For  control  measurements,  some  of 
the  microsections  were  electropol ished.  The  measurements  were  made 
at  points  spaced  0.05-0.2  mm  apart,  depending  on  the  cross  section 
of  the  deposit  and  the  width  of  the  heat-affected  zone. 


Fig.  4,b  shows  microhardness  measurements  on  ail  experimental 
specimens  as  functions  of  energy  per  unit-length  and  cooling  rates 
of  the  metal  irs  the  weld-affected  zone.  The  cooling  rates  were 
calculated  according  to  N.  N.  Rykalin's  method  [,6]  using  the  mathe- 
matical formula  of  a heat  point  source  on  a semi-infinite  body.  Since 
the  microhardness  measurements  within  one  weld  section  or  weld-affected 
zone  showed  a wide  variance  of  microhardness  values,  the  authors 
measured  the  Vickers  hardness  on  these  microsections  using  a 10-kg 
load.  At  this  point  the  indentations  for  hardness  measurements  were 
set  up  not  along  a straight  line  crossing  the  seam  and  the  heat-affected 
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Fig.  4.  Effect  of  energy  per-unit  length  on  metal  micro- 
hardener of  welds:  a - microhardness  measurement  diagram. 

1 - weld  metal;  2 - heat-affected  zone;  3 - base  metal; 
b - changes  in  the  microhardness  of  the  weld  metal  and  the 
heat-affected  zone  as  a function  of  energy  per-unit  length: 
- ■■  heat-affected  zone;  - — weld  metal 
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zone  In  the  area  of  the  weld  root  but  merely  along  the  heat-affected 
zone  at  some  distance  from  the  futron  boundary. 


The  Vickers  hardness  results  are  given  below 


1 - specimen  markings  according  to  Table  1 

2 - Vickers  hardness 


In  order  to  establish  feasible  time-related  changes  in  the  hardness 
of  the  weld  metal  on  the  heat  affected  zone,  the  microhardness  measure- 
ments were  made  not  only  immediately  after  the  material  was  welded 
(after  several  days  as  the  microsections  were  being  prepared)  but  also 
after  five  or  nine  months  of  aging  (storing)  at  room  temperatures. 
Repeated  post-aging  measurements  have  shown  that  the  hardness  values 
in  the  base  metal  as  well  as  that  of  the  heat-affected  zone  and  the  weld 
remained  at  the  initial  level  with  the  usual  variance  of  about  HV350. 


The  hardness  measurements  obtained  in  this  study  attest  to  the 
absence  of  any  noticeable  changes  in  the  properties  of  the  metal 
both  in  the  zone  and  in  the  weld  even  with  considerable  changes  in  the 
energy  per-unit  length  in  the  process  of  welding.  However,  with  an 
increase  in  energy  per-unit  length,  the  hardness  of  the  metal  in  the 
weld-affected  zone  somewhat  decreases.  This  indicates  that  the  alloy 
is  slightly  sensitive  to  the  welding  heat  when  changing  the  energy 
per-unit  length  from  260  to  5500  cal/cm. 

Under  fairly  satisfactory  shielding,  for  example,  under  argon-arc 
welding  conditions,  the  hardness  readings  of  the  metal  in  the  weld, 
the  heat-affected  zone  and  in  the  base  metal  are  almost  the  same. 


Conclusion 


1.  The  width  of  the  heat-affected  zone  increases  with  an  increase 
in  energy  per-unit  length.  Changes  in  the  size  of  the  heat  affected 
zone  with  changes  In  energy  per-unit  length  are  hardly  related  to  the 
method  of  electric  arc  welding.  The  heat-affected  zone  widths  for  a 
given  energy  per-unit  length  In  both  argon  arc  welding  and  automatic 
flux  shielded  welding  are  comparable. 


2.  The  hardness  of  the  weld  metal  slightly  increases  while  that  of 
the  heat-affected  zone  slightly  decreases  with  an  increase  in  energy 
per-unit  length  within  260  and  5500  cal/cm. 
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3.  Energy  per-unit  length  affects  both  the  structure  of  the  weld 
metal  and  that  of  the  weld-affected  zone.  At  low  energies  and  relatively 
high  cooling  rates  the  weld  metal  shows  a fairly  fine  grain  of  the  primary 
0-phase  with  8-phase  separating  along  the  boundaries.  Inside  the  grains 
there  Is  the  fine  needle-shaped  martensite  of  the  8-phase.  As  energy  per- 
unit  length  Is  Increased,  the  primary  grain  size  of  the  p-phase  markedly 
increases,  while  the  Ct-phase  assumes  the  appearance  of  a fine  grid  along 
.‘the  boundaries  of  the  elongated  primary  grains. 

**.  At  low  energy  per-unit  length  values,  the  heat-affected  zone 
shows  a finely  grained  polyhedral  structure  with  a fairly  large  amount 
ofa'-phase  section  having  the  strucutre  of  fine-needled  martensite. 

An  increase  in  energy  per-unit  length  causes  an  increase  in  grain 
size  and  some  fragmentation  of  the  Ct-phase  grains.  The  amount  of  d'-phase 
decreases  causing  a reduction  In  the  hardness  of  the  heat-affected  zone 
metal . 

5.  The  microhardness  measurements  of  both  the  weld  metal  and  the 
heat-affected  zone  In  experimental  specimens  after  welding  and  In  those 
that  were  aged  for  about  nine  months  yielded  about  the  same  results, 
this  attesting  to  the  absence  of  changes  in  hardness  in  time  both  in 
the  heat-affected  zone  and  in  the  weld. 
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